Flight activity of aphids as potential vectors of viral infection of alfalfa plants were monitored in Serbia for the first time in Europe. Research was conducted at the location Progar (Srem) for two years using six yellow water traps. A total of 1626 individual winged aphids were collected. The collected specimens were classified into 49 different taxa. During the two-year study, maximum population density of aphids and maximum potential vector activity were noted at the beginning of June, during the second alfalfa intercut. More than 65% of the collected specimens were potential vectors of the most important alfalfa viruses, Alfalfa mosaic virus (AMV) and Cucumber mosaic virus (CMV). The most numerous winged aphid species on alfalfa were Aphis craccivora, Aphis fabae, Aphis gossypii, Aphis pomi/ spiraecola and Therioaphis trifolii. The Morisita-Horn similarity index was used to calculate similarities in species composition among the traps. High values of this index showed no significant differences among the aphids in traps. It indicates that one trap alone could provide good insight into the abundance, aphid diversity and number of potential vector species in small alfalfa fields.
Flight activity of aphids as potential vectors of viral infection of alfalfa in Serbia
medicaginis Koch, Macrosiphum euphorbiae (Thomas), Myzus persicae (Sulzer), Myzus ligustri (Mosley), Nearctaphis bakeri (Cowen), Phorodon cannabis Passerini and T. trifolii (Petrović-Obradović, 2003) . Furthermore, AMV can be transmitted through alfalfa seeds (Bol, 2010) . Over 80 species of aphids have been reported to transmit CMV (García-Arenal & Palukaitis, 2010) . The most important vectors are A. pisum, A. craccivora, A. fabae, A. gossypii, Aphis glycines Matsumura, Aphis spiraecola Patch, M. euphorbiae, M. persicae, N. bakeri, Rhopalosiphum maidis (Fitch) and T. trifolii (Gildow et al., 2008; García-Arenal & Palukaitis, 2010) . Seed transmission of CMV has been reported in many plant species (García-Arenal & Palukaitis, 2010) .
Monitoring the flight activities of aphids in alfalfa, using yellow water traps, is a reliable way to obtain data on potential plant viral vectors, the number of specimens of each species, as well as the moment when aphids fly into the field and the dynamics of each species' flight (Nault et al., 2004; Vučetić et al., 2013) .
The aims of this study were to determine the population dynamics of aphids on alfalfa, as well as the number of potential viral vectors. In addition, the study investigated a similarity observed in aphid composition among six traps and the optimal number of traps for monitoring aphid flight activity in alfalfa crops.
MAtERIAL And MEtHodS
Aphid flight in alfalfa was monitored by using yellow water traps at Progar, Srem district, Serbia (N 44º 42' 60'', E 20º 08' 13'') in 2011 and 2012. The dishes, size 22х22х11 cm with holes below upper lids, were onethird filled with water, and liquid detergent was added. Six traps were set at a distance of 70 m in the middle of each 1 ha plot in an alfalfa field. Yellow water traps were placed in the field immediately after the emergence of alfalfa. At the beginning of each intercut, they were placed on the ground, and then elevated to 1 m above ground during vegetation in order to be visible to insects. Insect specimens caught in the traps were collected once in ten days during five intercuts (April-October). The liquid from the traps was sieved and the insects were packed into plastic boxes with 75% alcohol. In the laboratory, aphids were separated from other insects and preserved in 75% alcohol. Identification of all sampled aphids was carried out based on identification keys (Taylor, 1984; Jacky & Bouchery, 1988; Remaudiere & Seco Fernandez, 1990 ).
The Morisita-Horn similarity index was used to calculate similarities in aphid composition among the traps. This index takes into account the composition and richness of fauna and successfully compares samples of different sizes (Magurran, 2004) . The higher the Morisita-Horn index value, the greater the similarity between examined samples. The maximum value of this index is 1. Cluster analysis was conducted based on Morisita-Horn index after unweighted pair group analysis (UPGA).
RESULtS
During the two-year study, 1626 aphid specimens were collected in six yellow water traps. The total number of aphids caught in 2012 was 1132. A much lower number of aphids (494 specimens) were recorded in 2011. A total of 49 different aphid taxa were identified (Table 1) .
In 2011, the first specimens of winged aphids were caught in the yellow water traps at the beginning of May. Maximum population density in the traps was observed during the second alfalfa intercut at the beginning of June (155 specimens in 6 traps), while population density was low during the summer. Another peak (55 aphids in 6 traps) was recorded in mid-September (Figure 1 ).
The first specimens in 2012 were collected at the end of April. Maximum population density (395 specimens in 6 traps) was recorded during the second alfalfa intercut at the beginning of June. The second peak (137 aphids in 6 traps) occurred in mid-September, as in the previous year ( Figure 2) . About 65% of all collected aphid specimens in the yellow water traps were potential vectors of two most important viruses on alfalfa, AMV and CMV. Population dynamics of the potential vector species are shown in Figures 1 and 2 . Maximum population density of the vector species in traps was recorded during the second alfalfa intercut at the beginning of June in both seasons.
The most abundant species were T. trifolii and A. craccivora, both infesting alfalfa as a host plant, and the polyphagous species-A. fabae, A. gossypii and A. pomi/ spiraecola ( Table 2) .
The Morisita-Horn similarity indexes for 2011, 2012 and collectively for both years were high (0.71-0.98) ( Table 3 ). The index showed no significant differences in aphid composition among the six traps.
A cluster analysis based on this index was carried out (Figures 3, 4 and 5) , and the traps were grouped as having low levels of difference. (Progar, 2011 and 2012) dIScUSSIon This is the first investigation of aphid flight activity in alfalfa in Europe. The entire sampling effort yielded a total of 1626 aphid specimens. A total of 49 aphid taxa were identified. As a result of similar monitoring of aphid flight activities in alfalfa, beans and cabbage by yellow water traps in western New York (fields were located in Genesee, Niagara, and Orleans Counties), a total of 28 different aphid taxa were collected in alfalfa (Nault et al., 2004) .
The flight activity of winged aphids depends on many factors, such as climatic conditions and plant nutrients (Kindlmann & Dixon, 2010) . Rainfall, low or high temperature and airflow influence the seasonal dynamics of alate aphids (Morgan, 2000) . One of the reasons why aphid abundance was higher in traps in 2012 was optimal weather for the development of some species. High temperatures and dry weather in the summer of 2012 provided optimal conditions for population increase of T. trifolii (Ryalls et al., 2013) , which was one of the most abundant species in traps.
First aphid specimens were collected at the beginning of May in 2011, and at the end of April in 2012. Maximum population density of winged aphids in traps was observed during the second alfalfa intercut at the beginning of June of both years. The second alfalfa intercut is usually used for seed production. Both most important alfalfa viruses, AMV and CMV, are transmittable through alfalfa seed (Bol, 2010; García-Arenal & Palukaitis, 2010) . Another peak was recorded in mid-September. In Serbia, maximum aphid flight activities together with maximum vector activities on seed potato, coinciding with maximum vector activities, occur at the end of May and beginning of June (Vučetić et al., 2013) . In monitoring of winged aphid populations on apricot and plum in western Serbia, two spring peaks (middle May-June) and two autumn peaks (AugustSeptember) were noted (Jevremović et al., 2016) .
Yellow water traps were a good sampling tool for monitoring aphid flight activity and may potentially assist in monitoring aphid-vectored viruses as well (Vučetić et al., 2013) . Several species collected in this study (A. pisum, A. craccivora, A. fabae, A. gossypii, M. persicae and T. trifolii) are potential vectors of AMV, the most destructive alfalfa virus worldwide and in Serbia (Bol, 2010; Bulajić et al., 2010) . Acyrthosiphon pisum, A. craccivora, A. fabae, A. gossypii, A. spiraecola, M. persicae, R. maidis and T. trifolii are potential vectors of CMV (Gildow et al., 2008) . About 65% of the aphid specimens collected in this study belong to species that are known vectors of these two most important viruses on alfalfa. However, the total number of vector species is much higher. For many of the species collected in this study, vector roles have not been tested yet. Furthermore, many specimens belong to the genus Aphis, and it is known that numerous species in that genus are vectors of viruses (Blackman & Eastop, 2000; Katis et al., 2007) . High abundance of potential vector species indicates a high risk of alfalfa infection with the most important viruses (AMV and CMV). Non-persistently transmitted viruses are difficult to control because transmission can occur in a few seconds. Application of insecticides is usually ineffective because aphids are able to transmit such viruses before being disabled (Fereres, 2000) . Control of alfalfa viruses is possible mainly by using virus-free seeds and avoiding virus reservoir hosts. As the viruses occur naturally in many different plant species, isolation of their hosts is impossible for all practical purposes (Bol, 2010) .
In the present study, five of the most abundant species − A. craccivora, A. fabae, A. gossypii, A. pomi/spiraecola and T. trifolii, accounted for about 60% (2011) and 70% (2012) of the collected specimens. Alfalfa is a host plant for T. trifolii and A. craccivora. Investigating population dynamics in an earlier study, T. trifolii was found to be the most abundant aphid on alfalfa plant stems in Serbia, while A. craccivora occurred rarely (Jovičić et al., 2016) . Therioaphis trifolii, as the most abundant species in alfalfa fields, and in the traps used in the present study, is a good potential vector of viruses in Serbia. The species A. fabae, A. gossypii and A. pomi/spiraecola are considerably polyphagous (Blackman & Eastop, 2000) . An increase in the abundance of the invasive A. spiraecola has been observed in Serbia recently (Jevremović et al., 2016) . All five of the most abundant aphid species are vectors of the most important viruses infecting alfalfa (Gildow et al., 2008; Bol, 2010) .
The Morisita-Horn index takes into account the diversity of species and abundance of specimens (Magurran, 2004) , and it showed that there were no great differences among the six traps. The high MorisitaHorn index values and cluster analyses indicated that the six traps had similar richness in species and number of specimens. Therefore, the use of a single trap could provide a good insight into the abundance, aphid diversity and number of potential vector species in small alfalfa fields.
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